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The affinities of purified recombinant human IL-18 binding protein (BP) and ectromelia and cowpox virus homologs for
human and murine IL-18 were compared by plasmon resonance. The dissociation constants of human IL-18BP were similar
for murine and human IL-18. By contrast, the dissociation constants of the viral proteins for murine IL-18 were 12- to 50-fold
lower than that for human IL-18. The ectromelia and cowpox virus proteins were biologically active, as judged by their ability
to inhibit induction of interferon-g by murine and human IL-18. The relative affinities of the orthopoxvirus IL-18BPs are
consistent with the rodent host range of the viruses. © 2001 Academic PressIntroduction. Large DNA viruses encode a variety of
immune defense proteins, some of which bind to cyto-
kines and prevent their activities (1). One such protein
hat so far appears to be unique to poxviruses, binds to
L-18, a proinflammatory cytokine that plays an important
ole in the T-lymphocyte helper type 1 response, primar-
ly by its ability to induce interferon (IFN)-g production (4).
he antiviral properties of IL-18 were demonstrated by its
bility to protect mice from the pathological effects of
erpes simplex virus and vaccinia virus infections (5, 9).
IL-18 binding proteins (BPs) that antagonize the activity
of IL-18 were isolated from humans, mice, and mollus-
cum contagiosum virus, and sequence comparisons re-
vealed homologous genes in additional poxviruses (7, 11,
12). Two subsequent reports demonstrated that the ho-
mologs encoded by orthopoxviruses, that is, ectromelia
(mousepox) virus, cowpox virus, and vaccinia virus, also
have IL-18 binding properties (2, 8). Here, we compare
the IL-18 binding and antagonist activities of the ec-
tromelia virus, cowpox virus, and human (hu) IL-18BPs.
Results. The open reading frames (ORFs) encoding
IL-18BP homologs of ectromelia virus strain Moscow and
cowpox virus strain GRI-90, called p16 and C8L, respec-
tively, were modified at their 39-ends by attachment of a
short sequence encoding six histidines. Overexpression
of the secreted proteins was achieved with an inducible
vaccinia virus T7 RNA polymerase system (10). The poly-
histidine-tagged proteins in the medium of cells infected
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22with the recombinant virus expressing either p16 or C8L
were purified by chromatography on Ni-nitrilotriacetic
acid (Ni-NTA) agarose. Analysis of the fractions by poly-
acrylamide gel electrophoresis with SDS revealed major
affinity-purified silver-stained bands of approximately 16
and 12 kDa for the ectromelia and cowpox virus proteins,
respectively. The purified proteins were transferred to a
membrane and shown to react with antibody against
polyhistidine (Fig. 1). The binding of p16 and C8L to
murine and human IL-18 was demonstrated by cross-
linking and polyacrylamide gel electrophoresis, using
either antibody to the polyhistidine tag or to IL-18 for
detection of the cross-linked molecules after transfer to a
membrane (data not shown). Control experiments indi-
cated the absence of detectable IL-18 binding activity in
comparable fractions when medium of cells infected with
the empty vaccinia virus vector were chromatographed
on Ni-NTA agarose. Polyhistidine-tagged huIL18BP was
purified in a similar manner as previously described (12).
Purified p16 and C8L proteins and huIL-18BP were
immobilized on BIAcore chips and real-time association
and dissociation of huIL-18 and muIL-18 were measured
by plasmon resonance (Fig. 2). The data from three sets
of experiments with multiple concentrations of muIL-18
or huIL-18 were globally fitted to a one-to-one model as
previously described (12). Relatively similar Kd values of
0.15 and 0.4 were obtained for the binding of huIL-18BP
to muIL-18 and huIL-18, respectively (Table 1). By con-
trast, the Kd value of p16 was12-fold lower for muIL-18
than for huIL-18 (Table 1). Moreover, the difference was
50-fold for the C8L protein. These differences were
mainly the result of the affinities of the three IL-18BPs for
human IL-18, as the Kd varied from 0.4 to 9.2.
Purified C8L and p16 were tested for their ability to
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23RAPID COMMUNICATIONinhibit IFN-g secretion by the human cell line KG-1 stim-
ulated with huIL-18 and tumor necrosis factor a or mu-
rine splenocytes stimulated with muIL-18 and lipopoly-
FIG. 1. Purification of ectromelia and cowpox virus IL-18BP homolo
vT7LacOI/Evp16 or vT7LacOI/C8L was concentrated and chromatogra
(12). Samples were analyzed by electrophoresis on a 15% polyacrylamid
with anti-polyhistidine antibody (lower panels). Elution of p16: fraction 1
10 mM imidazole; fraction 2, Ni-NTA agarose flowthrough; fraction 3, 2
mM imidazole; fractions 5 and 6, two-column volumes of 100 mM imida
C8L was the same as for p16, except as noted: fractions 4 and 5, 50 m
imidazole. All imidazole elution buffers contained 0.1% Triton X-100 an
FIG. 2. Detection of IL-18 binding to the recombinant proteins C8L an
ndividually immobilized on a standard CM5 chip. Injection of IL-18 wa
were 10, 25, 50, 75, 100, 125, and 150 nM and the muIL-18 concentratio
used were 1.0, 2.0, 5.0, 10, 15, 40, 80, and 100 nM and the muIL-18 concentrat
to huIL-18 was published previously (12).saccharide. Human IFN-g production decreased pro-
gressively with increasing concentrations of C8L or p16
(Fig. 3). No effect was seen with mock Ni-NTA-purified
dium from roller bottles of BS-C-1 cells that had been infected with
n Ni-NTA agarose (Qiagen, Chatsworth, CA) essentially as described
ontaining SDS and by silver staining (upper panels) or Western blotting
d and concentrated medium adjusted to contain 0.1% Triton X-100 and
n volumes of 15 mM imidazole; fraction 4, two-column volumes of 50
actions 7 and 8, two-column volumes of 200 mM imidazole. Elution of
azole; fractions 6 and 7, 100 mM imidazole; fractions 8 and 9, 200 mM
NaCl. Marker proteins with masses in kDa are indicated at the left.
y surface plasmon resonance. Metal affinity-purified C8L and p16 were
ed at 0 s and stopped at 450 s. For p16, huIL-18 concentrations used
e 0.35, 0.7, 3.5, 7.0, 10.5, and 17.5 nM. For C8L, huIL-18 concentrationsgs. Me
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e gel c
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24 RAPID COMMUNICATIONprotein from the medium of cells that had been infected
with the empty vaccinia virus vector (Fig. 3). Induction of
IFN-g by muIL-18 was also inhibited by both p16 and C8L
(Fig. 4). Similar results were obtained using purified C8L
protein that had been expressed transiently under the
CMV promoter in 293T cells (Figs. 3 and 4).
Discussion. The cowpox virus and ectromelia virus
IL-18BPs are about 80% identical to each other, exclud-
ing a 16 amino acid extension at the C-terminus of p16,
which is absent from some strains of ectromelia virus (8),
ut are only 17 to 19% identical to huIL-18BP. By contrast,
C54L, a molluscum contagiosum virus IL-18BP, is 34%
dentical to huIL-18BP. Despite the large amino acid
ifferences between the orthopoxvirus and human IL-
8BPs, we found that they bound with similar affinities to
uIL-18. Multiple alignment analysis of human and pox-
irus homologs should therefore be helpful aids in pre-
icting the amino acid and structural requirements for
T
Affinities of Human and Orthopoxvir
Ligand
muIL-18
K On, 10
5/Ms K Off, 10
24/s
huIL-18BP 7.4 6 1.2 1.1 6 0.1 0
p16 5.7 6 0.2 4.4 6 0.1 0
C8L 5.6 6 0.8 0.8 6 0.1 0
FIG. 3. Inhibition of huIL-18 induced IFN-g production. Human KG-1
06 cells per ml in a 96-well plate at 37°C for 24 h. A mixture of huIL-1
to 400 ng per ml) was incubated at 37°C for 30 min and then used to rep
the same purification procedure used for p16 and C8L, except that the s
vector. After 24 h, the cultures were frozen and thawed three times and
uantikine kit. Hatched bars correspond to no purified viral protein or
xpressed by recombinant vaccinia virus; open bars correspond to C8L prote
ells. The experiments were carried out on different days, accounting for theIL-18 binding. The Kd value of 0.8 nM that we obtained for
binding of the six-histidine-tagged p16 to muIL-18 was
somewhat lower than the 5 nM reported for an Fc-p16
fusion protein (2), which may reflect differences in the
recombinant proteins or methods of attachment of the
proteins to BIAcore chips.
The Kd value for the binding of huIL-18BP to muIL-18
was slightly lower than that to huIL-18, consistent with a
previous observation (12). This difference, however, was
greater for the orthopoxvirus proteins and the Kd values
were 12- to 50-fold lower for muIL-18 than for huIL-18. By
contrast, the reported Kd values for the molluscum con-
tagiosum virus MC54L protein for muIL-18 and huIL-18
were similar (12). A lower affinity of the ectromelia and
owpox virus proteins for huIL-18 compared to that for
uIL-18 was noted in competition binding experiments
y Smith et al. (8), although this was neither quantified
or compared to either huIL-18BP or MC54L.
8BPs for Murine and Human IL-18
huIL-18
K On, 10
4/Ms K Off, 10
24/s K d, nM
.1 11 6 5.0 0.4 6 0.1 0.4 6 0.1
.5 5.1 6 1.1 4.7 6 0.2 9.2 6 2.0
.1 4.6 6 0.2 3.2 6 0.2 7.0 6 1.0
RPMI supplemented with 10% fetal calf serum were seeded at 1.2 3
g), tumor necrosis factor a (20 ng), and purified p16 or C8L protein (0
e medium overlying the cells. Mock IL-18BP was obtained by following
material was the medium of cells infected with the empty vaccinia virus
rified supernatants were assayed for human IFN-g by ELISA using the
purified protein; filled bars correspond to purified p16 or C8L proteinABLE 1
us IL-1
K d, nM
.15 6 0
.8 6 0cells in
8 (10 n
lace th
tarting
the cla
mock-in expressed from a CMV promoter by transient transfection of 293T
variation in levels of IFN-g production.
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25RAPID COMMUNICATIONSince the misleadingly named cowpox virus, as well
as ectromelia virus, primarily infects rodents (3), whereas
molluscum contagiosum virus infects humans only (6),
the relative differences in binding to murine and human
IL-18 correlate with host range. Because humans are
also the obligate hosts for smallpox virus, it will be of
interest to determine whether the adaptation period and
the selection pressure have been sufficient to enhance
the affinity of its IL-18BP for huIL-18.
Materials and Methods. Recombinant muIL-18 and
huIL-18 were purchased from Peprotech (Rocky Hill, NJ).
Lipopolysaccharide, Escherichia coli 055:B5, and tumor
necrosis factor a were purchased from Calbiochem (La
Jolla, CA). The Quantikine kits for detection of human and
mouse IFN-g were from R&D Systems (Minneapolis,
MN).
Inducible recombinant vaccinia viruses vT7LacOI/
Evp16 and vT7LacOI/C8L were made by inserting the p16
six-histidine-tag- and C8L six-histidine-tag ORFs be-
tween the NcoI and BamHI sites of the pVOTE.1 vector as
described (10). The p16 and C8L proteins were purified
from the medium by Ni-NTA agarose and immobilized
onto a CM5 chip (BIAcore, Uppsala, Sweden) via amine-
coupling at pH 4.0 as described (12). The amounts of p16
and C8L immobilized were controlled, so that the maxi-
mal responses were ,100 RU, to prevent mass transport
effects. For binding experiments, 250 ml of various con-
centrations of murine and human IL-18 in 0.01 M HEPES
(pH 7.4), 0.15 M NaCl, 3 mM EDTA, and 0.1% Tween 20
FIG. 4. Inhibition of muIL-18 induced IFN-g production. Freshly isolat
seeded at 2.5 3 106 cells per ml in a 96-well plate at 37°C for 24 h. The
that the cells were stimulated with 1 mg of lipopolysaccharide, 10 ng o
l. After 24 h, the cultures were frozen and thawed three times, and
Quantikine kit. The bars have the same meanings as in Fig. 3. The exper
of IFN-g production.were injected at a flow rate of 20 ml/min. Dissociation
as monitored for 20 min, followed by a 10-ml injection of10 mM glycine (pH 1.5) to regenerate the surface. A
background curve, generated by the same IL-18 concen-
trations passed over a control surface, was subtracted
from the curve generated with immobilized ligands. The
absence of mass transport effects was determined by
varying the flow rate, from 20 to 80 ml/min, at which IL-18
was delivered to the surface. Data from three experi-
ments were evaluated using the BIAevaluation 2.0 soft-
ware (BIAcore).
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